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Abstract 
 

The purpose of this study is to evaluate the potential for using height as a function of 
diameter and age to evaluate site productivity for Douglas-fir and lodgepole pine.  
Temporary plot data was used to calibrate a set of equations, wherein every tree was 
measured in terms of height, diameter and age.  The data was provisionally screened to 
exclude trees with dead or broken tops and to exclude any obvious anomalies.  
 
Heights were predicted from diameter and age using 1 data set for each species.  This was 
assumed to represent the “average” site condition.  Data points above the predicted values 
were assumed to be growing on better sites, those below the line on less productive sites.  
As a result, after fitting the first equation for each species, the data were parsed into two 
subsets in accordance with whether they were above or below the line, and new curves 
were the fit to represent these sub-populations.  This process of subdivision was repeated 
3 times, producing a set of parameters for each species, representing a range of site 
conditions. 
 
Site productivity was then assessed using the fitted equations in terms of the Site Quality 
Height Index (SQHI) first for Top and Site Height trees (i.e. TH SQHI) and later for all 
trees in a plot.  The SQHI is defined in terms of the predicted height of a tree that is 50 
years old and 20 cm in diameter, both at breast height.  Using this definition, TH SQHI 
was predicted as function of the more traditional estimate of site index (SI).  For both 
species a strong relationship was observed between the two. 
 
SQHI was predicted for each tree relative to TH SQHI.  There was a weak relationship 
observed, with substantial variation in SQHI. 
 
The initial formulations used herein to predict height from tree diameter and age are 
biased.  This is unsatisfactory.  However, formulations were found that do not exhibit 
such biases. Unfortunately, this finding was too late to be incorporated as the foundation 
for this report.   Removal of the bias is expected to improve the over-all relationship of 
SQHI versus TH SQHI. 
 
The basic concept of developing individual tree height-diameter-age equations appears to 
have merit as a method for diagnosing differences in site productivity.  The deficiencies 
in the equations developed herein, need to be addressed, and the results verified in a 
manner consistent with this study before the results can be used operationally.       
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Introduction 
 
 “One of the first tasks facing the growth modeller may be to find a way to 

quantify site differences.  Some sites support luxuriant forest whilst others are 
capable of supporting only “poor” forests.  These differences may be due to soil 
(fertility, drainage, etc.), climate (temperature and rainfall patterns), topography 
(elevation, aspect, etc.) and other factors, and may be reflected in species 
composition and growth patterns.  Meaningful growth and yield forecasts require 
some evaluation of these site differences.  Estimates of site productivity must be 
accurate as any bias may propagate through growth, mortality and recruitment 
functions to affect all modelling results.” 

 
        Jerome K. Vanclay. 1994. 
 
The purpose of this investigation is to determine the feasibility of using height as a 
function of both diameter and age as an estimator of site productivity with respect to all 
undamaged trees, not just with respect to Top Height or Site Height trees.  The use of 
diameter, in addition to age, enables a forester to account for the historical effects of 
competition.  This combination of variables (diameter and age) has been typically 
ignored based on the premise that height growth is less affected by competition than 
diameter, and therefore by simply observing dominant trees and their ages, one may 
obtain reasonable estimates of site productivity (i.e. expected height at a given age).  
However, in stand conditions other than those that are even-aged, this assumption is not 
held to be reasonable.  The main alternative has been to resort to indirect measures of site 
productivity based on ecological characteristics.  
 
While of these historical approaches are reasonable, the key potential advantage of 
utilizing diameter as well as age for estimating site productivity, is that each tree may be 
gauged in terms of its own site productivity.  This extends the notion of site from a 
“meso” site definition (e.g. one site for all trees on the plot based on observation of a one 
or more dominant trees) to a “micro” site definition, where each tree may be assessed in 
terms of the site that it occupies.  This can only be done if diameter can be used in 
conjunction with age to account for the historical impacts of competition, thereby 
“removing” the effects of competition as the first step toward estimating site productivity. 
 
The basic concept behind the development of the equations used herein is as follows: 
 

1. For each tree species there is a maximum height for a given diameter beyond 
which tree height growth cannot progress.

ForesTree Dynamics Ltd. 
March 24, 2003 

1



The Potential for Substituting Height-Diameter-Age Curves  
In Place of Traditional Top Height Growth Equations 

 

                                                

 
2. The degree to which trees progress toward a maximum height depends on age 

and site. 
 

3. Holding age constant, as tree diameter increases, the actual tree height 
expressed as a proportion of the maximum, decreases.   

 
In summary for any given species: 
 
 Hi = f (Hmax|Di, Ai|Di)      Equation 1 
 
where 
 
Hi is the height of tree “i”. 
Hmax is the maximum tree height given the diameter at breast height, D of tree “i”. 
Ai is the tree breast height age given the diameter at breast height, D of tree “i”. 
 
Di is used twice: In the first instance to predict maximum height, and in the second 
instance, as a modifier of the proportion of the maximum height achieved relative to age. 
As diameter increases for a given age, the proportion of the maximum height reached by 
a give tree decreases.  In absolute (rather than proportional) terms, as diameter increases 
(and age is fixed) the maximum height tends to increase, but the proportion of the 
maximum is reduced. This produces a result that is generally consistent with the 
observation that height is less affected by competition than is diameter, and therefore that 
dominant tree height versus age is a good indicator of site productivity. The point at 
which this general observation begins to break down, that height begins to become more 
strongly limited by diameter, has been difficult to quantify because of the confounding of 
the differential effects of competition (that reduces diameter and to some extent height 
relative to age) with the differential effects of microsite productivity (that affects both 
height and diameter relative to age).  By explicitly incorporating the effects of diameter 
and age into the estimation of height, the historical effects of competition can be 
accounted for, with the result that the remaining differences are attributable to differences 
in site alone1.  The confounding effects of competition and site can be separated.    
 
In this system of equations site productivity is gauged in accordance with a Site Quality 
Height Index, or SQHI, to distinguish it from the more traditional Site Index, or SI.  
SQHI is defined arbitrarily as the expected height of tree that is 50 years old at breast 
height and has a diameter of 20 cm.  Unlike the definition for site index, this definition 
does not imply that a tree will indeed achieve that height at a given age.  Nor does it 
imply that the tree could in fact reach that height because in some (poor) sites it may be 
impossible for a tree reach the diameter of 20 cm in 50 years.  Therefore, the sole purpose 
of the index is to refer to the set of possible combinations of height, diameter and age that 
may be produced in a given site.  When this information is combined with estimates of 

 
1 To be more precise they are attributable to the combined effects of site and genetic factors, with further 
modifications introduced by pathological factors. 
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(site specific) individual tree diameter increment, then the picture can be completed in 
terms of how tree heights are expected to change with respect to diameter and age.    
 
The suitability of Top Height SQHI, or TH_SQHI for site productivity estimation is 
evaluated in terms of how easily it can be predicted from SI using only Top Height or 
Site Height trees.  TH_SQHI is also evaluated in terms of how well it predicts the average 
SQHI for the remaining trees in a plot. 

Methods 

Data Collection 
 
Field data was collected from predominantly lodgepole pine and Douglas-fir stands 
within the Lignum Ltd. Innovative Forest Practices Area (IFPA) using the Stand 
Structure Sampling Protocol (Lignum Ltd. 2000).  Under this protocol plots are 
established using a variable radius for larger trees (≥ 12.5 cm dbh) and a fixed radius for 
smaller trees with the overall objective of having at least 10 trees in each of the plots and 
a minimum of 20 trees total.  Within the plot all of the trees are described in terms of 
their species, diameters, heights and breast height ages with the latter being determined 
using an increment core provided that the tree will not be destroyed as a result.  Where 
increment cores were taken, tree ages (and so too the last 5, 10 and 20 - year increments) 
were counted (measured) in the laboratory using a microscope. Up to 4 attempts were 
made to find the tree center (pith), after which the best core was selected for counting tree 
age.  The presence of dead or broken tree tops was also recorded. 
 
For the purposes of this analysis, Douglas-fir (FD) and lodgepole pine (PL) trees were 
selected provided that they did not have any indication of a dead or broken top, and 
provided that they had an age determined using an increment core and the increment core 
was not recorded as being rotten.  The data utilized herein differs from that traditionally 
used to develop dominant tree height growth curves insofar as they are not derived from 
stem analyses or repeated tree measurements through time. 
 
For the purposes of comparing the SQHI with SI using only Top Height or Site Height 
trees, the data set was extended to include all such trees observed in Natural Stand 
Permanent Sample Plots established within the Lignum IFPA.    

Analyses    
 
The methods deployed herein are for the purpose of determining whether or not the use of 
Height-Diameter-Age (HDA) equations is reasonable as a means of representing meso- 
(plot level) and micro- (tree level) sites and their differences in productivity.  If these 
equations provide estimates of Site Productivity that closely parallel those determined 
using Site Index, then the answer is “Yes”.  If the formulation of the equations used to 
derive estimates of site productivity seem to be reasonable from a biological perspective 
(as discussed in the Introduction and further evaluated herein) then the answer is once 
again, “Yes”. Otherwise, the answer is “No”.   

ForesTree Dynamics Ltd. 
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In this study the following height-diameter-age relationships were fit for each of 
Douglas-fir and lodgepole pine: 
 

( )( )DEXPH iba −−+= 13.1max      Equation 2 

 
( ) ( )( )( )( )DEXPAEXPHH iii dc −−−−+= 13.13.1 *max   

          Equation 3 
 
where, 
 
a, b, c and d are parameters. The parameter “a” describes the maximum tree height for a 
given species. 
 
These equations were fit separately for Douglas-fir and lodgepole pine in a two step 
process using the non-linear regression procedures available in SYSTAT (SPSS inc., 
2000.) and Gauss-Newton convergence procedures.  To begin with: after eliminating any 
obvious outliers, the data was subdivided into 1 cm dbh classes and the tree with the 
maximum height was selected from each diameter class for inclusion in the analyses. 
Starting from the lowest dbh class in which there was a tree, trees were then further 
selected from larger diameter classes only if the tree height was observed to be greater 
than the maximum in the previous height classes. 
 
In the second step, the formulation for Hmax was included along with the parameters in 
Equation 3.  Equation 3 was fit with the entire data set without accounting for different 
numbers of trees per plot.  No attempt was made to deal with heteroscedasticity. 
Ultimately such issues must be dealt with to develop a final set of equations.  This study 
is limited to an exploratory investigation only.  Following the first fit, the data was 
subdivided into two subsets for each species, depending on whether the actual heights fell 
above (+) or below (-) the predicted heights, in an effort to represent the trees that were 
growing on better (+) or worse (-) sites than the average. Equation 3 was refit to these 
new subsets.  This process of splitting and refitting was repeated until the data became 
too sparse to produce reasonably reliable calibrations of Equation 2. 
 
Using the final set of subdivisions (up to 4 for Douglas-fir and 3 for Lodgepole Pine), 
Top Height trees were assigned a SQHI2 by interpolating across the parameter sets until 
the individual tree heights were estimated with a small error (0.001 metres).  The 
estimates for site index were derived for the same trees using J.S. Thrower & Associates 
(1994) equations for Lodgepole Pine and Thrower and Goudie (1991) equations for 
Interior Dougals-fir. 
 
SQHI was calculated for the remaining (non Top Height or Site Height) trees using the 
procedures for interpolating as described above. 
                                                 
2 Defined as the height of a tree that is 20 cm and 50 years old at breast height. 
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The procedures for subdividing the data and fitting equations to represent trees growing 
on higher or lower sites are an interim step towards fitting the entire suite of curves in a 
single step as has been done using dominant tree Height-Age equations.  All of the 
analytical methods used herein are for the purpose of determining whether or not the 
concept of utilizing HDA equations is worthy of further pursuit. 

Note 
 
Two other formulations for HDA equations have been developed in the past but have not 
been reported herein in terms of their suitability for use in growth modelling.  Both of 
these equations assumed that trees progress toward a maximum tree height in proportion 
to each of diameter and age (independently), with the end result that trees approach the 
maximum height (given diameter) at the same rate (proportion of the maximum height 
per unit of time) regardless of size. As a consequence, the interaction of age and diameter 
as described in the right side of Equation 3 (associated with parameters “c” and “d”) did 
not appear in these formulations. After observing the consequences of these equations, it 
was felt that the formulation specified above would be more realistic.  In particular, it has 
been observed that trees frequently respond to thinning by increasing diameter growth 
with little or no response in terms of height growth (or even negative response insofar as 
height growth may be reduced relative to those trees that have not been “released” 
through thinning). Conceptually, Equation 3 has the potential to describe such outcomes.    
The evaluation as to which formulation is ultimately best ultimately requires the use of 
stem analyses or trees with repeated measures.   

Results 
 
Table 1 describes the initial data set used to derive HDA curves.  In the final analyses 
2016 FD and 1294 PL trees were used from a total of 244 plots (171 with FD, 160 with 
PL). 

Table 1.   Characterization of Douglas-fir (FD) and lodgepole pine (PL) trees used to 
derive height-diameter-age curves. 

 
SPECIES n Statistic DBH 

(cm) 
 

HT 
(m) 

LC 
(%) 

AGE 
(y) 

Maximum 118.6 39.6 99 484 
Mean 19.5 12.8 52 89 

FD 2025 

Minimum 0.9 0.8 2 6 
Maximum 51.4 33.3 100 198 

Mean 13.1 12.2 41 64 
PL 1294 

Minimum 2.2 1.4 4 5 
 
Diameter is a better predictor of height than is age across the range of tree sizes (Figures 
1.1 versus 1.2 and 2.1 versus 2.2 for Douglas-fir and lodgepole pine respectively). 

ForesTree Dynamics Ltd. 
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FD has a greater maximum tree height than does PL (Table 2), but its maximum tree 
height is shorter for trees less than 32 cm dbh.  When tree age and diameter are 
considered (Table 3) the differences become greater. On average FD tends to approach 
the maximum height more slowly with respect to age than does PL.  Changes in tree 
diameter, all other things being equal, tend to have more dramatic effect on the height of 
FD.  For example, if a dbh of 20 cm is assumed at 100 years of age, instead of 32 cm, 
then the heights will be 17.1 and 20.6 metres for FD and PL respectively. 

Table 2.   Parameters for estimating maximum tree height (Equation 2) given diameter 
at breast height for each of FD and PL. 

 
  Parameters 
Species Estimated 

Maximum Total 
Tree Height (m) 

 

a b 

FD 39.7 38.435 ± 3.004* 0.043 ± 0.008  
PL 34.9 33.638 ± 1.739 0.060 ± 0.007 
* 95 % Confidence interval. 

Table 3.   Parameters for estimating average tree height for each of FD and PL given 
tree diameter and age (Equation 3). 

 
  Parameters 
Species Estimated Tree 

Height (m) 
dbh = 32 cm 
age = 100 y 

 

c d 

FD 21.0 0.016 ± 0.001* 0.010 ± 0.001 
PL 22.7 0.020 ± 0.002 0.012 ± 0.003 
* 95 % Confidence interval. 
 
The development patterns of height with respect to diameter and age are illustrated in 
Figures 1.3 (FD) and 2.3 (PL).  The average SQHI3 for these curves is 11.95 (FD) and 
14.10 (PL).   An 11.95 metre tall tree with a 20cm dbh has a height-to-diameter ratio of 
85, this being at the lower limit of these data (Figure 1.1).  Such a ratio may only be 
achieved if a tree was open grown. In many stands this condition will not occur, and yet 
the trees may still be growing in a site with an SQHI equal to 11.95.  Lower SQHI indices 
may not be biologically attainable in terms of a 50 year-old tree at 20 cm dbh (i.e. their 
height-to-diameter ratios will only be possible if they have broken or dead tops), but they 
can still be used to reference the potential site productivity.  This illustrates one 
difference between SQHI and SI.  In the former the actual heights potentially obtained are 
dependent on the biologically feasible combinations of height, diameter and age.  In the 
                                                 
3 SQHI is defined by convention to be a tree height at 50 years of age and 20 cm dbh. 

ForesTree Dynamics Ltd. 
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latter, dominant trees are expected to reach the specified height at the specified age.  The 
curves displayed herein for given SQHI may extend beyond this feasible range of tree 
growth and development, particularly when representing trees in poor sites.   
 
The errors in estimating FD tree heights relative to predicted heights is described in 
Figure 1.4 (FD).  For Douglas-fir there are an increasing number of tree heights that fall 
below the predicted estimates as trees get smaller.  This may be interpreted as a poor fit, 
but it may also be that trees with older ages tend to persist on less productive sites (Figure 
1.13) rather than being related to tree diameter (Figure 1.12).  In the absence of stem 
analyses this seems to be reasonable explanation. 
 
For PL the results (Figure 2.4) do not appear to be quite as good.  In particular, the 
average site curve under-estimates estimates smaller tree heights (e.g. < 5 metres).  This 
phenomena appears to be most strongly related to trees less than 25 years old (Figure 
2.13), not to diameter (Figure 2.12). Trees are more vigorous at young ages and less 
vigorous as they get older4.   
 
Table 3 describes the parameter estimates for Equations 2 and 3 after repeatedly 
subdividing the data according to whether or not the points occurred above (+) or below 
(-) the line of the previously fit equations.  The results for relatively good (+++) and poor 
(---) sites are displayed in Figures 1.5,1.6 (FD), 2.5 and 2.6 (PL).  The poor site FD 
curves display a decline in tree height with increasing diameter, but tree diameters greater 
than 30 cm dbh are perhaps rare to non-existent in these situations.  Medium and high site 
PL also exhibit declining heights with increasing diameters beyond a certain threshold.  
This may exist in fact (tall, skinny trees do not tend to persist in old stands, particularly 
on better sites) and/or may be due to some bias in the equation. 
 
The parameter set indicated with 3 subdivisions (e.g. “+--“) was used to determine the 
SQHI (or TH SQHI) for each top height tree drawn from Lignum Limited Natural Stand 
PSP’s and Stand Structure Plots (Table 4).  A reasonably strong relationship exists for 
SQHI versus SI (Figures 1.7 and 1.8 for FD, 2.7 and 2.8 for PL).  As expected SQHI 
introduces some variability not discerned through the use of SI and age alone.  If two 
trees are the same age and same height, but one has a smaller diameter than another then 
it also exists in more productive site (by definition).  SQHI appears to be strongly related 
to estimates of SI with a reasonably narrow range variation around the latter. 
 
 

 
4 A second formulation was tested as follows:  H = 1.3 + (Hmax -1.3)*(1-EXP(-cA**d)) , where a,b,c and d 
are equal to 38.435, 0.043, 0.339 and 0.269 for FD and 33.636, 0.06, 0.179, and 0.430 for PL.  Inspection 
of the residuals with respect to predicted values (Hpred), dbh (D) and age (A) provided no indications of 
bias.  The residual sum of squares was reduced over-all for both species and the adjusted correlation 
coefficients (radj

2) increased.  The notion that increased dbh reduces the rate of increase in height as a 
proportion of the maximum was obviated by the inclusion of the age exponent, “d”.  This formulation is 
undoubtedly preferred over the one described in the text.  It should lead to an improvement of the 
relationship of SQHI with SI. Parameter’s “c” and “d” are expected to change with site productivity as 
before.  Unfortunately, these findings were too late to be incorporated into this report.  This formulation 
does not appear to make realistic provision for immediate post-thinning height growth responses.   

ForesTree Dynamics Ltd. 
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Table 3.  Parameter estimates following repeated subdivision of the data, to represent 
subsets that are above (+) or below (-) the previously predicted values (e.g. A “+-“ 
subdivision represents points that were above the first fitted line (ID’s 1 and 32) and 
below the second fitted line (ID’s 2 and 33)).  This procedure was used as a means of 
estimating parameters for trees growing on more (+) or less (-) productive sites.  The 
maximum heights (A) for given diameters (B) were constant for each species. 
 

ID SPECIES GROUP ADJ A B C D
1 FD  1.3 38.435 0.043 0.016 0.01
2 FD + 1.3 38.435 0.043 0.022 0.008
3 FD - 1.3 38.435 0.043 0.011 0.011
4 FD ++ 1.3 38.435 0.043 0.027 0.006
5 FD +- 1.3 38.435 0.043 0.019 0.009
6 FD -+ 1.3 38.435 0.043 0.013 0.010
7 FD -- 1.3 38.435 0.043 0.008 0.011
8 FD +++ 1.3 38.435 0.043 0.034 0.004
9 FD ++- 1.3 38.435 0.043 0.024 0.008

10 FD +-+ 1.3 38.435 0.043 0.020 0.009
11 FD +-- 1.3 38.435 0.043 0.018 0.010
12 FD -++ 1.3 38.435 0.043 0.014 0.010
13 FD -+- 1.3 38.435 0.043 0.012 0.011
14 FD --+ 1.3 38.435 0.043 0.009 0.011
15 FD --- 1.3 38.435 0.043 0.006 0.011
32 PL  1.3 33.638 0.06 0.020 0.012
33 PL + 1.3 33.638 0.06 0.013 0.008
34 PL - 1.3 33.638 0.06 0.032 0.016
35 PL ++ 1.3 33.638 0.06 0.043 0.018
36 PL +- 1.3 33.638 0.06 0.024 0.012
37 PL -+ 1.3 33.638 0.06 0.016 0.010
38 PL -- 1.3 33.638 0.06 0.009 0.002
39 PL +++ 1.3 33.638 0.06 0.054 0.016
40 PL ++- 1.3 33.638 0.06 0.038 0.018
41 PL +-+ 1.3 33.638 0.06 0.028 0.014
42 PL +-- 1.3 33.638 0.06 0.022 0.011
43 PL -++ 1.3 33.638 0.06 0.018 0.010
44 PL -+- 1.3 33.638 0.06 0.014 0.008
45 PL --+ 1.3 33.638 0.06 0.011 0.005
46 PL --- 1.3 33.638 0.06 0.007 0.002**

     ** These parameters were not significantly different from zero at 95% confidence limits. 
 

ForesTree Dynamics Ltd. 
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Table 4.   Description of data used to predict SQHI (height of 20 cm dbh tree at 50 
years breast height age) given SI (height at 50 years breast height age). 

 
Species n Statistic DBH

(cm)
HT
(m)

AGE
(y)

SI 
(m) 

SQHI
(m)

FD 1004 Maximum 101.0 38.3 484.0 31.5 21.0
FD  Mean 34.1 22.0 106.8 15.2 13.5
FD  Minimum 4.0 2.2 5.0 6.6 4.3
PL 1254 Maximum 51.2 31.5 227.0 26.7 23.5
PL  Mean 19.1 15.6 65.1 14.7 14.5
PL  Minimum 4.4 1.7 8.0 5.0 5.4
 
When TH SQHI is compared with the SQHI from the remaining trees on the same plot it 
is possible to gauge the variability in microsite productivity.  The variation is substantial 
(Figures 1.9, 2.9).  The variation tends to be skewed toward more productive microsites 
on relatively poor sites when compared with the TH SQHI (Figures 1.10, 2.10).  On high 
sites the distribution of microsites become skewed in the other direction, i.e. below that 
estimated by TH SQHI.  In some ways this should be expected.  On poor (dry) sites, 
shade may induce trees to perform better in terms of height growth than would be 
expected after having accounted for competition (i.e. a small diameter relative to age).  
 
Similarly, on Good sites, Top Height trees may tend to exist in better microsites 
compared with the remaining population, these perhaps being rare amongst the more 
general population.  The point is that it is possible to investigate this question explicitly 
using the HDA approach.  Using the more traditional SI approach differences can only be 
implied rather than assessed directly through bioassay. 
 
An attempt was made to look at SQHI from several other angles.  In particular, trees with 
small diameters tend to produce SQHI:TH SQHI ratio’s that do not persist into larger 
diameter classes (Figures 1.11, 2.11).  For lodgepole pine this situation is exacerbated by 
the bias that is evident with respect to estimating small tree heights (Figure 2.4). However 
there appears to be no direct relationship between SQHI and diameter alone as is 
expected.  More surprisingly, maximum SQHI decreases with increasing age (Figures 
1.13, 2.13) beyond about 100 years.  This may be a weakness in the function, or it may be 
because older trees tend to persist longer on less productive sites.  Lastly, the minimum 
SQHI shows a strong trend toward increasing as the Height-Age ratio increases (Figure 
2.15) and also displays a similar but weaker trend with an increasing Diameter-Age ratio 
(Figure 1.16, 2.16).    

Discussion and Conclusions 
 
There were some distinct weaknesses in these analyses relating to the bias apparent in the 
progression in height from small trees to large trees, particularly for lodgepole pine. 
Other formulations must be considered.  Of the three basic premises that we started with 
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in developing these equations, the third one appears to be the most difficult to adhere to 
without incurring some bias (see footnote 4).  Ultimately stem analyses and remeasured 
plots would provide another forum for testing these concepts.  However, the development 
of curves using a large set of temporary plot data spanning a wide variety of conditions 
will at least provide a basis for general application.   
 
It is clear from figures 1.1, 1.2, 2.1 and 2.2 that diameter is an important variable to be 
included in estimating tree heights, and that there is much more variability in tree height 
with respect to age.  It seems reasonable to assume that after having considered the 
effects of diameter (i.e. maximum height as a function of diameter), that the variation in 
time required to obtain a certain height relative to the maximum is a function of 
differences in site. 
 
In conclusion, the basic system of equations does appear to provide a reasonably reliable 
indicator of differences in site productivity relative to the more traditional indicator of SI.  
It has the potential to diagnose differences in site productivity (site productivity-x-genetic 
interaction) at the microsite level, which appears to be quite substantial.  This finding 
should not be a surprise, insofar as much of the genetic variation within coniferous 
species in British Columbia appears to be contained within any one stand.   The concept 
of HDA curves provides a useful tool for better understanding the effects of competition, 
as well as perhaps the effects of insects and disease.      
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Figure 1.1.   Douglas-fir tree height versus diameter. 
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Figure 1.2.  Douglas-fir tree height versus breast height age. 
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Figure 1.3.   Predicted Douglas-fir tree heights versus diameter and breast height 

age (25, 50, 75, 100 and 150 years old) in a medium site. Site 
Quality Height Index is equal to 11.95 m.  By convention the SQHI 
is equal to the height of a tree that is 20 cm dbh and 50 years old.  
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Figure 1.4.   Residual plot of actual minus predicted height for medium site 
Douglas-fir. 
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Figure 1.5.   Predicted Douglas-fir tree heights versus diameter and breast height 

age (25, 50, 75, 100 and 150 years old) in a high site. Site Quality 
Height Index is equal to 18.85 m.   
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Figure 1.6.   Predicted Douglas-fir tree heights versus diameter and breast height 
age (25, 50, 75, 100, 150 years old) in a poor site.  Site Quality 
Height Index is equal to 6.04 metres.
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Figure 1.7.   Douglas-fir SQHI versus Site Index (SI) using Top Height or Site 
Height Trees.  SQHI = 0.352 + 0.865 * SI (radj

2 = 0.82). 
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Figure 1.8.   Residual plot of actual minus predicted SQHI versus SI for Douglas-

fir.  
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Figure 1.9.   Douglas-fir Site Quality Height Index for all undamaged trees versus 
the Site Quality Height Index derived from Top Height and/or Site 
Height trees. SQHI = 5.68 + 0.57 * TH_SQHI (radj

2 = 0.26).  This 
figure illustrates that there is substantial microsite variability. 
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Figure 1.10.  Residual plot of actual minus predicted SQHI for all Douglas-fir 
trees given the TH_SQHI. 
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Figure 1.11.   The ratio of SQHI: TH_SQHI versus Douglas-fir tree DBH.  There 
is a tendency toward higher SQHI in smaller trees that does not 
persist with an increase in tree diameter5.   
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Figure 1.12.   SQHI versus tree DBH for Douglas-fir.  There is a slight tendency 
toward lower SQHI with increases in tree diameter. 
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5 It is interesting to consider this observation relative to the conclusion that there is an increase in site index 
when comparing young with old stands on the “same” site.  See also Figure 2.9. 
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Figure 1.13.   SQHI versus Douglas-fir tree age.  On average SQHI declines with 
an increase in tree age, particularly after 100 years of age.  This may 
be due to a deficiency in the site estimation procedure, but perhaps 
trees tend to persist for longer on less productive sites. 
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Figure 1.14.   Douglas-fir SQHI versus height-to-diameter (H:D) ratio.  There is a 

slight tendency toward higher SQHI with increasing H:D ratios. H:D 
ratio is not a good indicator of SQHI.  

 

ForesTree Dynamics Ltd. 
March 24, 2003 

7



The Potential for Substituting Height-Diameter-Age Curves  
In Place of Traditional Top Height Growth Equations 

 
Douglas-fir

SQHI vs Height:Age Ratio

0

5

10

15

20

25

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Height: Age Ratio (m/y)

SQ
H

I

 
Figure 1.15.   SQHI versus Douglas-fir height-to-age (H:A) ratio.  There is a 

strong trend toward higher SQHI with increasing H:A ratio’s as is 
expected. 
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Figure 1.16.   SQHI versus Douglas-fir tree diameter-to-age (D:A) ratio.  As 
expected, trees with very large diameters relative to their ages tend 
to occur in higher sites, but trees with ratio’s ranging from 0.05 to 
0.3 occur across the entire range of sites.  
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Figure 2.1.   Lodgepole pine tree height versus diameter. 
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Figure 2.2.  Lodgepole pine height versus breast height age. 
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Figure 2.3.   Predicted lodgepole pine tree heights versus diameter and breast 

height age (25, 50, 75, 100 and 150 years old) in a medium site. Site 
Quality Height Index is equal to 14.10 m.  By convention the SQHI 
is equal to the height of a tree that is 20 cm dbh and 50 years old.  
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Figure 2.4.   Residual plot of actual minus predicted height for medium site 
lodgepole pine. 
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Figure 2.5.   Predicted lodgepole pine tree heights versus diameter and breast 
height age (25, 50, 75, 100 and 150 years old) in a high site. Site 
Quality Height Index is equal to 21.50 m.   
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Figure 2.6.   Predicted lodgepole pine tree heights versus diameter and breast 

height age (25, 50, 75, 100, 150 years old) in a poor site.  Site 
Quality Height Index is equal to 8.01 metres.
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Figure 2.7.   Lodgepole pine SQHI versus Site Index (SI) using Top Height or 
Site Height Trees.  SQHI = 2.2306 + 0.8639 * SI (radj

2 = 0.85). 
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Figure 2.8.   Residual plot of actual minus predicted SQHI versus SI for 

lodgepole Pine. SQHI tends to be under-estimated relative to low 
and high SI’s.   
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Figure 2.9.   Lodgepole pine Site Quality Height Index for all undamaged trees 

versus the Site Quality Height Index derived from Top Height and/or 
Site Height trees. SQHI = 4.0636 + 0.8178 * TH_SQHI (radj

2 = 
0.41).  This figure illustrates that there is substantial microsite 
variability. 
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Figure 2.10.   Residual plot of actual minus predicted SQHI for all lodgepole pine 
trees given the TH_SQHI. 
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Figure 2.11.   The ratio of SQHI: TH SQHI versus lodgepole pine tree DBH.  
There is a tendency toward higher SQHI in smaller trees (relative to 
TH SQHI).  
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Figure 2.12.   SQHI versus tree DBH for lodgepole pine.  There is a tendency 

toward lower SQHI with increases in tree diameter. 
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Figure 2.13.   SQHI versus lodgepole pine tree age.  On average SQHI declines 
with an increase in tree age, particularly before 30 years of age6.   
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Figure 2.14.   Lodgepole pine SQHI versus height-to-diameter (H:D) ratio.  There 
is a slight tendency toward higher SQHI with higher H:D ratios as 
would be expected by definition.  H:D ratio is not a good indicator of 
SQHI.  
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6 See footnote 1, Figure 1.9. 
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Figure 2.15.   SQHI versus lodgepole pine height-to-age (H:A) ratio.  There is a 

strong trend toward higher SQHI with increasing H:A ratio’s as is 
expected. 
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Figure 2.16.   SQHI versus lodgepole pine tree diameter-to-age (D:A) ratio.  As 
expected, trees with very large diameters relative to their ages tend 
to occur in higher sites, but trees with ratio’s ranging from 0.05 to 
0.3 occur across the entire range of sites.  
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